Recent results on mixing, CP violation and rare decays in charm physics from the LHCb experiment are presented. Study of "wrong-sign" D 0 → K + π − decays provides the highest precision measurements to date of the mixing parameters x 2 and y , and of CP violation in this decay mode. Direct and indirect CP violation in the D 0 system are probed to a sensitivity of around 10 −3 using D 0 → K + K − and D 0 → π + π − decays and found to be consistent with zero. Searches for the rare decays D
Introduction
CP violation and the branching fractions of rare decays in charm physics can be significantly enhanced beyond Standard Model (SM) predictions by the presence of non-SM particles. Precision measurements of these parameters can thus provide evidence for, or strict limits on, new physics.
The LHCb detector 1 at the LHC is specifically designed for precision measurements of CP violation in decays involving c and b quarks. The Vertex Locator provides fine tracking around the interaction point, achieving decay-time resolutions of around 50 fs for D 0 mesons; the full tracking system yields momentum resolutions of σ(p)/p ∼ 0.5%; and the two Ring Imaging Cherenkov detectors provide clean separation of pions and kaons. Additionally, the cc production cross section in the collisions provided by the LHC is very large. With 1.1 fb −1 integrated luminosity recorded at √ s = 7 TeV in 2011 and 2.1 fb −1 at √ s = 8 TeV in 2012 this makes LHCb an excellent source of high statistics datasets for the study of charm physics.
Mixing and CP Violation in D
The "right-sign" (RS) decay of D 0 → K − π +a occurs predominantly through a Cabibbo-favored (CF) process in which no D 0 -D 0 mixing occurs. The "wrong-sign" (WS) D 0 → K + π − decay occurs with roughly equal rate via a doubly-Cabibbosuppressed (DCS) process and one in which the D 0 meson first mixes and then decays via the CF process. The ratio of the decay rate of WS decays to that of RS decays as a function of the decay time of the D 0 meson is thus sensitive to the mixing parameters x 2 and y and is given by
where
A DCS(CF ) is the amplitude of the DCS (CF) decay, ∆m D 0 is the mass difference of the mass eigenstates of the D 0 system (defined as |D which excludes the no mixing hypothesis at > 10σ. Additionally, the cases for which CP violation is allowed find
and 0.75 < |q/p| < 1.24 at 68.3 % confidence. These are the most precise single measurements of these parameters to date and show no evidence for CP violation.
Indirect CP Violation in D
The parameter A Γ , defined below, gives access primarily to indirect CP violation as
where τ eff is the effective lifetime, h can be either a pion or kaon, and The effective lifetime is obtained by performing an unbinned maximum likelihood fit to the decay-time distribution using a data-driven, per-candidate method to correct for the biasing effect of the candidate selection 4 . Additionally, the distribution of the IP χ 2 of the D 0 candidates is used to distinguish the background from B → D 0 X decays. Examples of fits to the D 0 IP χ 2 and decay-time distributions are shown in Fig. 2 . From the 2011 dataset these fits give
where dominant systematics arise from the accuracy of the acceptance correction and the modeling of the backgrounds. Thus, no evidence for indirect CP violation is found.
Direct CP Violation in D
The parameter
where A CP is the time-integrated CP asymmetry of the given decay, gives direct access to direct CP violation as the production asymmetry of the D 0 meson cancels in the difference. To ensure full cancellation of production and detection asymmetries between the K 
Rare Decays
The search for decays of D 
The total branching fractions of non-resonant decays are also constrained by combining information in bins of m µ + µ − (m π − µ + ), assuming a phase-space model. An example of a mass fit and branching fraction confidence limits for D + → π + µ + µ − decays are shown in Fig. 3 .
Using the 2011 dataset the resulting 90 % confidence limits on the total nonresonant branching fractions are
which give a factor of roughly 10 −2 improvement over the previous best limits. A similar search for D 0 → µ + µ − decays using the 2011 dataset finds B(D 0 → µ + µ − ) < 6.2 × 10 −9 at 90 % confidence 9 . Thus, no evidence for new physics has yet been found via rare decays.
Conclusions
Recent results on mixing, CP violation and rare decays in charm physics from the LHCb experiment were presented. Study of D 0 → K + π − decays has provided the highest precision measurements of the mixing parameters x 2 and y to date, and 
